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The Naval Auxiliary Oiler AO-177, USS Cimarron (U.S. Navy Photograph)

Causes and Corrections for Propeller-Excited Airborne Noise
on a Naval Auxiliary Oiler

Michael B. Wilson,' Member, Donald N. McCallum, 2 Associate Member,
Robert J. Boswell,' Member, David D. Bernhard, 3 Visitor, and Alan B. Chase,3 Visitor

The AO-177, first of a new class of Naval Auxiliary Oilers, experienced high levels of inboard air-
borne noise and initial-stage erosion damage on its skewed, seven-bladed propeller during builder's
trials. This paper describes the problems, corrective design modifications considered, and proce-
dures and rationale used to develop a successful corrective design modification consisting of a fin

to improve the flow into the propeller. To evaluate the problem, extensive model experiments were
conducted, including flow visualization, wake surveys, powering experiments, and a crucial series

of cavitation experiments including propeller-induced hull pressure measurements in a large water
tunnel. Experiments with two fin designs showed the superiority of a flow-accelerating configura-
tion. Other experiments showed some benefits of altering the propeller blade shape. Propeller
analyses were undertaken to provide design alternatives for retrofitting the ship with a new propeller.
A full-scale trial with the final fin design provided evidence of a reduction of the highest levels of air-

borne noise, reduction in the initial-stage erosion damage, and minimal effect on ship speed. The
result is that the AO-177 has been accepted by the fleet for normal service.

Naval architect, David W Taylor Naval Ship Research and De- Presented at the Annual Meeting, Ne,% York. N I . November
velopment Center, Bethesda, Maryland. 17-20, 1982, of Ih'll-F Sx nm OF N\ At. AR( IITE( Ts AN) MARINI

2 Naval architect, Naval Sea Systems Command, Washington, DC. ENCINEE S

General engineer and mechanical engineer, respectively. Naval The views expressed herein are the opinions of the authors and not
Sea Systems Command. Washington, DC. necessarily those of DOI) or the Department of the Nav
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Tablel6 Model hull and propeller geometry, of AO-177 (scale 0 2

ratio A =25.882) 00 1-.e I'

Hull 01
length 1,1Il, = 6 527 In (21.42 fli) 0 2-
length on waterline 1, w , -6.65:3 m (21. 8:1f) f-
beam R= 1.044 m 13.43 ft) 0 2
draft (mean) full load T, = 0.374 In 11.227 ft)
material: wood for experiments at l)'1'NSRD)(' 0 1 a I ,

paraffin wax for water tunnel 0
experiments at SSPA

turbulence stimulation none on DTNSRDC model > 0 1
I -mm trip wire at 0.05 Lwl, on model at > 0 2

Propeller Ig 20 20 30 4002'sA0 14 Igo
diameter 1) = 24.92 cm 19.812 in.) ANGLE INd DEGREES. o.
pitch -to-diameter ratio (P/I)n,-: = 1.2.5 Fg oe oia aevlct ais ihadwtottod
number of blades Z = Fi.9Mdlnmnlwk7eoiyrtowt n ihllIodf

___________________________________________ferent fins, at radius ratio rIR 0.359
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Table 12 New Navy noise criteria leveiiii-permisstoic airborne sound pressure
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It is sen that tie correlation is excellent near to the propeller, cannot hie used iii a case ahere the fire is applied
but beyoind t0 251) the calculated values are about half of those When applying a fin the pressure field around the prupeollerr
fromn neasur'neuk III will have lower amplitudes, but due it, the smaller clearainit'

As the thetirs doe's not include temporal variationts of the flow the ship structure is moved into the region with high Cleaire
and, hence, no statistical variations in pressure ansplitude (or amvpitudes These two aspects combined result in a diffemn
phase). it is reasoaable ito question the significance of correlation pressure distribution ons the structure with respect to amltd
with a particular part (if the nonstatiorian model test output. and phase The integation of this presssure field can lead to
The agre'emenit might hie considered as fortuitous, but of highly lower or higher forces anid moments thain originally Inscaser.
pralctiecal twilue once thet twelve-year experiienc at SSPA shows for example, that with a f in the vertical force F. is larger than
that their ,yu'ns of fihe 5 percent highest amplitudes correlates without a fin, one may expect that the vertical vibration level
well evsth full-scale results, increases proportionally The Increase oif hull stiffness due to

(:lertsihs prficionsmad s a a adhoc he~~ dvelped the, fin will have a negligible effect Further, one can state that
hurriedIs it Dlisoni I aAI*rator% compare poorli %lith the larger presslires lead to larger forces, unless the phase duati-
nmaximuim anqtlituds in the authors'Fig. .39 for thse fiiiWs cast.. liutioni is cl-anged so that the pressures bialance each other tona
.A dit-isit oi ii' rt'preseit the civilt' potential by only three ternis ertain degree. But then a reductiono liv te excitatioin sNstem
(which doiniiiAie the far field) is now seen to be a poor ap- van onlo, he snmall

prixioait' inth oesrfied.A more effective ad-hoc model Therefore at N4ARIN we, state that pressure fluctuatios, have
is tielieoed to Iov that deseloped in the discussion oif the Ilust' olerdcdi li sue h erasdvris lsric
0(;ii~aig pilr It% Breslin. which appears earlier in this surel%. is tio reason to allo-A a higher pressure leovel onl the f in
volunne

In aii% cseoi, ft- calculation oif hull pressures arising fronm
intermiitti-nt (a% itaition most tie regarded as still lin its formative Authors Ctoswme
period %%r n iuust espiect that theoretic'al conceptionIs, wich
Include the phissics Of the phenomenon. will give far mnore The' authors Sinc'Vee thank All o~f the discussers. Their
consistent results than thei ad-hov formulations. conitribiutions have greatls enhanced the value of our paper

We will repls first to poits raised regarding the propeller
Schismil Mylartes. IS visitor detsign aisd p~roypeller performancet Then we will respond to

This plicar sioiitains a great amounift of practical design aspec-ts poer1xints includinths so-aewihulpitsr.an
ii vih~ratioi pru,fdeis abotardl ships as generated by the pro- forces. fiii selectioin, and airbotrne noise

pellorr Trheir use tht pros aidcl onis--the considerations, as Sieveral discussers. Including 'feisrs Zilloumnis. Baeiuad,
to which cli~ Ait.sould 

1wv iiiadt between thel various po.silil- Hammer. Soonan., anld Prolf'.sst r Iliadler commented on the
itirs. are- dealt ith si'r estensivel) Also is illustrated the fact st-vers' rettlirenetnts regardliii maxiumn allowable blade rate
that manso'tiv n iret0118 st %ill open1, so that Very often the of' hearing forces thiat were Imposed On the propeller de-sign.
signer has to opebraste on intuitioii I therefore think that we. E~ssentally all oif these discussers ft-lt that these requirements
uinanitntiiis agree- IiI complimeting the authors for their we're t"Ousevere As discussed in the paller, these bearing force
valuable sA ork reqmuiremnts influenced thle design of t 1st propeller on the

In spite Of the rathier extensive description, it is not clear to AO- 1-7 o-a mischgreater slegrt-e thai is usuialpratiie The
me why finatll. the floss, -accelerating fle with the original I( S Nas-% reqluirements and ratioiiale that led t, the maximum
propeller svasselected Inm pnsr e50saete 1 ilm allowable he'arinsg forces arte summiarized in% the paper and
as follows amplified in the discussioin bs Mir Zaloitmis. We thank Mr

* the %sil eat Itlvel is acceptable. Zaloumis for the supplemental iforinatiit in his discussion
to tile noise lesel is In far too high, arid The rationale for Msade rate thrust iiicltides
* the cause is the interniittent propeller cavitation. I MH.-STO-167 for allowable vibration lesecl in the pro-

Knowing this, the alterations sin ship tor propeller should bet pulsion Sstem.

aunedi at to-dho i rig Ow higher lou oonties of III, lie hu presurc P 'risuisiort s-temn s-it rati ir% resqa tree calc-ilat ions
fluctuatitons 3 Enimpujicl niuliphitusv fi ttors oit the calc.ulated proi-

Loisk ingu to F-ig 25 of thle plaper. one dfirectlh concluodes t hat pelter foirces it) cOnsidler t hi O ifluence o
for the' hiitr haironiros thte tuiutie fin ish%. tar mor e~ f fectist v(i iiinfiduatiuii
than the fli ss-ai eels-rating fii Aloghntrietiditht () anmiertfecsa ihse d il
texst. I esxioct that Pro ieller At (the five-lilacled. wid '-bladle i0 turn,.,

psri ller 'is ak, 1sosers ef fect ise iii reducing thie higher fiar- "I, Zili oos di'sribs'd thle dens atio nmf i lititipirical moulti
rnonucs 'Ihis qmm; n is lose1 on the largee t'f i'-iof f'ropl-tlic plicative factors Ilsdsuso nii rdsm'o he-questions
A on) t he' [0l' s1 1uSth I lat' ltarmotii I reqoenc% Jlalule 9q Fig asked by% (it her discusse'rs, so t hose lalint ut ti ilotf hi' repleated
24) ansI (let the' eomplews rede'signi of the psropeller that has tecn here
performerd So the obuvious solutions would be The e'mpirical tmult upli atmiv factors infierentio Include

(a) thfe'tiinrutl- finior fciiso ae~ i h oli'c fpeoii ht;rsnl
(b) the 5- bladecl iitw l designed p)ropelle'r (aniiitt be cai kulatt's directls, such as

Yet the flow-accelerating fin has been selec-ted I Wake scaliug e'ffects htiiffi'rt'ics in ii th- pertineitt har-
Ac-cording ito the- paper the- flow-accele-rating finl was se'lected mois (If the nomitial wake betieen model and ftill scale)

because, according to the SSPA vibration criterioin, for this f in 2 Effective wAake dlist niuoti Infuieiice' (if tile prop'lIler
the presure limuit is thfe highest The authors start the Instill- Onl the pertinent harmonics of the wake')
cation Oif their choice with thse words '-if it is assumed that the I Posssibsle effects Of cavitatitI tin perFitis- propeller
%S'PA vibration criterion has general applicailit-, etc In lo'ads
my Ospinionri hi assuimptison is not correct. Thi's criter ion has 4 Ptossible effectsof the free surfaceotn periodic jsropehle
bee-n basedl tin experiences with sips) without fins and therefsore loads.

5 Inaccuracies (including inaccuracies in inesl wake
Mskanitijit- Rte-armti Institute (MARINI), Wageuintri. The experimsents, propeller loading calculations, shaf ting response'

Netherlands calculations, bearing suppsort stif fnesses, etc

Causes and Corrections for Propeller- Excited Air borne Noise
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH.
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL kEPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE
THEY CARRY A DEPARTIENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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